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process of averaging the motions which is found essentia] 
to the development of the dynamical theory in the cases 
now in part unravelled, as, for instance, the kinetic theory 
of gases. In these discussions the chief difficulty is the 
dynamical realization and interpretation of temperature, 
as it is defined by its occurrence in the equation of 
entropy. 

The nature of the difficulty is more fully realized when 
the fact is recognized that in a dynamical system, involv¬ 
ing no dissipation of its energy to other systems, an exact 
reversal of the motions of all its molecular parts would 
cause it to retrace its original path, and would therefore 
reverse any degradation of energy in the thermodynamic 
sense that may have occurred in it. Thus, not merely is 
it possible for the thermodynamic order of Nature to be 
reversed by a continuous expenditure of intelligence 
without expenditure of energy, as in the case of the de¬ 
mons introduced by Clerk Maxwell into the exposition 
of the theory of gases ; but a system may actually be 
put into such an initial state that it will go on reversing 
the laws of entropy of its own accord. 

It is true that we are saved from the necessity of having 
to admit that such exceptions to the course of Nature 
may be actually existent; for all transfers of heat are in¬ 
extricably mixed up with the phenomena of radiation, 
which involve transport of energy through the ether with 
a velocity the same as that of light, and which, therefore, 
require that if our system is to be absolutely conservative 
it must include the ether and extend beyond the farthest 
star. In any portion of a system thus constituted, how¬ 
ever we may suppose degradation staved off and reversed 
by a complete reversal of its motions, the effect produced 
will be only temporary, and degradation will ultimately 
reassert itself. 

Nevertheless, the problem remains for solution, how far 
the law of entropy, whose truth in a limited range is de¬ 
monstrated by 7 the fact that it is fundamental to the wide 
and firmly established science of thermodynamics, is to 
be considered as a principle of a purely dynamical cha¬ 
racter ; and although the investigations of Clausius, von 
Helmholtz, Boltzmann, J. J. Thomson, and other mathe¬ 
maticians who have attacked the subject, have thrown 
much light on its affinities to known analytical law's of 
pure dynamics applied to systems in a steady state of 
motion, yet it is not too much to hope that there is a 
great deal more to be gained in this department of 
investigation. 

In particular, a theoretical basis has yet to be supplied 
to the applications of the law of entropy to purely che¬ 
mical actions. The results of its application to voltaic 
phenomena by Willard Gibbs and von Helmholtz have 
met with satisfactory experimental confirmation ; while 
its extension to the theory of osmotic phenomena, dis¬ 
sociation, and the whole field of the chemical action of 
dilute solutions seems to be at any rate in qualitative 
accordance with facts, and even promises to fundament¬ 
ally modify some of our notions of chemical action. 

And there yet remains for answer the question which 
has long been put, whether there is any reason to suppose 
that the activities of living animal (or plant) tissue are 
limited by the principle in the same way as are those of 
dead matter. 

The fundamental character of the views opened up by the 
NO. I 102, VOL. 43] 


development of Carnot’s ideas on the efficiency of heat- 
engines adds a strong theoretical interest to the manner in 
which engineering practice has approximated to its ideal 
conclusions. Even though their full and complete applica¬ 
tion in the domain of heat-engines would not be questioned 
by anyone, yet it is clear that the investigations that have 
arisen out of their experimental testing and improvement 
have much value as illustrations and models for similar 
inquiries in more abstract departments of physics. In¬ 
deed, the subsidiary discussions in this treatise, relating 
to causes of waste of available energy, remind one, on a 
magnified scale, of the corresponding corrections neces¬ 
sary in thermo-chemical investigations, particularly those 
relating to entropy ; and there seems to be a considerable 
field in which the one subject may profit from a study of 
the other. In this connection the admirable arrange¬ 
ment, discussion, and analysis contained in the chapters 
on the causes of loss of efficiency supply' a store of infor¬ 
mation and general principles that would not otherwise 
be easily available for non-professional workers. 

It is unfortunate that the science of thermodynamics 
suffers more than any other department of physics from 
the difficulty of exact comparison between theory and 
experiment. It may' be a surprise to some people to 
learn that even the value of the mechanical equivalent of 
heat is hardly certain within i per cent. : it appears that 
recent experiments by Rowland give a result nearer to 
782, that derived by Joule from the electrical method, 
than to 772, the value finally put forward by him from the 
results of several concordant series of direct experiments. 

The treatise which has suggested these remarks con¬ 
tains a connected account of the different ways in which 
thermodynamic theory has been applied and realized, the 
subjects treated and co-ordinated ranging over air-engines, 
gas-engines, guns or powder-engines, reversed air-engines 
or refrigerators, and, in greatest detail of course, the dif¬ 
ferent types of steam-engine. The reader will find in it a 
simplicity in the statement of physical results, and a 
freedom from the encumbrances of algebraic analysis in 
the discussion of general laws, which form one of the 
highest merits of a treatise on the principles of natural 
philosophy, and the most fitting preliminary to the 
examination by mathematical analysis of special prob¬ 
lems. This is combined with a very interesting account, 
illustrated by actual examples derived from recent prac¬ 
tice, of progress made in actual construction towards 
the ideal of perfection, which it would be beyond our 
province to refer to in detail. From the point of view of 
the student of physics, the book forms a most valuable 
supplement and corrective to the necessarily abstract 
discussions which form the substance of treatises on 
theoretical thermodynamics. J. Larmor. 


THE CLASSIFICATION OF ANIMALS. 

Zoological Types and Classification. By W. E. Fother- 
gill, M.A., B.Sc. (Edinburgh : James Thin, 1890.) 

A Zoological Pocket-boo'k or Synopsis of Animal Classi¬ 
fication. By Emil Selenka and J. R. A. Davis, B.A. 
(London: C. Griffin and Co., 1890.) 

HE author of the work bearing the first of the above 
titles has set himself a most formidable and am¬ 
bitious task, viz. that of compressing into a small volume 
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•of 214 pages diagnoses of the organology of all classes 
and orders of living animals, together with brief descrip¬ 
tions of the structure of types of the latter, especially 
where represented by familiar creatures, and of adding 
thereto a list of most of the leading families, with short 
diagnoses of the same when occasion should demand. 
Such a book to be of real service should be as free of 
errors as possible ; and, in view of the unprecedentedly 
rapid growth of zoological literature within the last two 
decades, the difficulties of the undertaking might be ex¬ 
pected to be inversely proportionate to the smallness of 
the volume. The author sets out with the Protozoa, and 
advances, in ascending order, to the Primates. The plan 
of his work is a good one. Each fasciculus leads off 
(with few exceptions) with a recapitulation of the cha¬ 
racters distinctive of the class with which it deals, and 
then follows a brief description of some central repre¬ 
sentative of each of its leading orders, and, in many 
instances, a tabular rhumb. The book concludes with 
some notes upon the maturation and segmentation of the 
ovum. In dealing with the vertebrate vascular system, 
the author resorts to the construction of remarkable 
schemes which he believes may “ aid the formation of a 
mental picture”; they appear to us to very efficiently 
confuse the mind, and we urgently recommend that 
their place be taken by diagrams which shall delineate 
the vessels themselves. The book, regarded as a piece 
of clerical work, is a good one, and the author has taken 
immense pains in compiling it. Its utility is, however, 
seriously marred by the constant recurrence of small 
errors, with which, as with insufficiently guarded asser¬ 
tions, it teems throughout. The mischief wrought by 
such, as distinguished from gross errors, which the 
student is tolerably certain to detect and rectify for him¬ 
self, is, as the working of a subtle poison, slow but sure, 
and they cannot be too strenuously guarded against in 
an elementary treatise. Omissions, and occasional 
wrongly constructed sentences occur, and there is evident 
in places a want of uniformity of treatment—as, for ex¬ 
ample, the summary dismissal of the Echinodermata, and 
the non-recognition of the families of the important 
order Insectivora. Important groups, such as the 
Choano-flagellate Infusoria, and important characters, 
such as those of the central capsule of the Radiolaria 
and of the dentition of the Marmosets, pass unnoticed ; 
while absolutely erroneous definitions are given of lead¬ 
ing organs, such as the brain of the Craniata and the 
Arthropod eye—to say nothihg of the relegation of the 
Arachnida and Prototracheata to the class Tracheata. 
There undoubtedly exists a demand for a book such as 
this which shall be up to date ; and if the author will 
carefully revise his work this demand will have been met. 
The volume should serve as one of reference for the ele¬ 
mentary student, and to this end it should be provided 
with an efficient index. 

Under the second of the above titles there is in circu¬ 
lation a small volume of 238 pages, which is for the most 
part a translation of the third German edition of some 
notes printed for special use in Prof. Selenka’s classes. 
They were originally intended “ to serve for the recep¬ 
tion of sketches and notes during lectures and practical 
work, and at the same time to facilitate a review of 
classification ” ; as reproduced in English, they are ex- 
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tensively interleaved, the blank paper being provided “ to 
receive brief synopses from voluminous lecture notes ” 
{sic/), “or, in some cases, definitions of families and 
smaller subdivisions.” Numerous “additions and re¬ 
visions” have been made by the translator, chief 
among them being a concise and well-compiled ap¬ 
pendix of five to six pages, with a table, dealing with 
certain principles of distribution. This is, in some 
respects, the most satisfactory portion of the work, 
although in itself a literary essay such as might be pro¬ 
duced by any intelligent student who had mastered the 
broad principles of his subject and could command 
scissors and paste. On turning to the body of the volume, 
we read, among other things, the following:— Fierasfer 
is parasitic upon Holothuria, Exocoetus is a Malaco- 
pteroid, Diprotodon was a springing Marsupial, Glyptodon 
was insectivorous. The Rodentia are diagnosed as de¬ 
ciduate Placentalia, with “ - 1 chisel-shaped continuously 

growing incisors, and three to six back teeth with trans¬ 
verse folds of enamel ” ; while of the Apes it is said that 
the alisphenoids are “ united with the parietals ” {Platyr- 
rhini) or are not united with them ( Catarrhini ), no 
mention being made of the malar. A novel version this 
of the discovery of Joseph and Forbes. 

LTpon the strength of his “ additions and revisions ” the 
translator practically claims a joint authorship. It will, 
we believe, be generally admitted that of all translations 
of the kind before us there are none which excel those 
into French. We have no wish to force comparisons, but 
we cannot refrain from contrasting the translator’s work 
and assumed position towards Prof. Selenka’s little 
volume, with, say, that of Carl Vogt towards Gegen- 
baur’s “ Grundziige ” or of Moquin-Tandon towards 
Claus’s “ Handbuch,” the two finest translations of 
zoological treatises the world has yet seen. So effi¬ 
ciently has the translator of the last-named supple¬ 
mented and extended the original that the French edition 
has become a new work ; but, this notwithstanding, the 
translator is content to be regarded as such, and such 
alone. The endeavour, on the part of a translator or of 
an adapter, to pose as joint author of a work in connec¬ 
tion with which he has performed a mere clerical labour 
is no new device ; but it is one which cannot be too 
strongly denounced. It betokens, to say the least, an un¬ 
fairness on the part of the junior which, it would not be 
difficult to show, has, in the past, amounted to an imposi¬ 
tion upon the generosity of the senior, and to the infliction 
of a pang whose effects have been ineradicable. The 
translator of the work before us would have done well if, 
instead of having endeavoured to extend its scope, he had 
verified the accuracy of the statements which it contains. 
Why he should not have corrected errors such as those 
we have cited we are at a loss to understand ; and he 
certainly should have avoided the addition of fresh defects. 
These seriously mar the pages of a book which, if revised 
anew', might be useful to the student. G. B. H. 


OUR BOOK SHELF. 

The Hand-book of Folk-Lore. By G. L. Gomme. 
(London: Published for the Folk-Lore Society by 
I). Nutt, 1890.) 

The energetic Folk-Lore Society has just issued a hand¬ 
book for the guidance of collectors and workers on folk- 
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